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^5any more males than feiales are in^cl^ed In post 
hiqh school mathematics study and in. adult cccupations that in¥gl¥6 
Eathepatics, This paper addresses the issue of nhether this unegual 
represent tion of females and males if -due to females* less adegaate 
learninqf of mathematics or to deliberate chcice cf feaales not to 
study mathematics. After examining available studies relating to the 
matter, the paper concludes that when bcth females and males study 
the ame amount of mathematics, differences in Icariilng lathefiatics 
are miniffial. Significantly fewer females elect to study matnematics 
and therein lies the problem^ Factors contributing tc this are 
females* lesser confidence in learning latheiatics and belief that 
aathamatics is not useful to them, males* belief that satheiatics is 
a male domain, and teacher treatment cf lales and females, CMP) 
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MathOTatics educators have used sex as a variable in researeh eonaerned 
with mathematics achievement for a number of years and -nany siflpmaries of 
mathematics achlevenerit have been published whieh Include infarmatlon about 
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comparative learning of mathMatlcs by females and males. Basically^ all 
reviews published before 1974 concluded that while there might not be 
a ses-related difference in mathematics ach^.c^^e^nmit in young children, 
male superiority was always evident by the time learners reached upper 
elraentary or junior high school. In additions Tnalea were definitely 
supeirior on higher level coBnitlva tasks, l.g** "The evidence would 
tuggest to the teacher that boys will achieve higher, than girls on tests 
dealing with mathematical reason^rig" (Glennon ^snd Callahan, 1968, p, 50). 
"From junior high school and beyond . , , boys now surpass girls in studies 
involving science and mathematics" (SuydMa & Riedesel, 1969, p« 129). 
"Sex differences In mathematical abilities are of course , present at the 
kindergarten level and undoubtedly earlier" (Alkeni 1971, p. 203) « 
' The literature reviews published since 1974 do not show the same 
concensus about male superiority that was evident previously* In a 1974 
ravlOT which synthesized information from 36 studies, the conclusion was 
that there were no sex-related differencns In elenientary school children- s 

Oo 

O — — 



*PortiOttS of the manuscript were preparfel under a grant from the National 
^ Institute of Educatl on • 



mathematics achievement, and little evidence that such differenCGS exist 
In high school learners. However, there was some indication that males 
excelled in higher level cognitive tasks arid females in lower level 
cognitive tasks (Fennema, 1974). Callahan & Glennon (1975) agreed with 
this conclusion while ^%GCOby and Jacklln (197^) in a highly quoted 
review disagreed* They stated that one "sex difference that [is] fairly 

well estr.blished , . . is that boys excel In mathematical ability" 

(p, 351^352), From these reviet-rs it is evident that currently there is 

not concensus on whether sex^related diffp-rences in mathematics achieve- 

tuent exists* 

The question of whether or not there are sex related differences in 
mathematlCB is morr eonplicated than it first appe^ars. I^Thile there is 
no doubt that many more males than females are involved in post high 
school mathematics study and In adult occupations that liivolve mathematics, 
what has been unclear is whether this unequal representation of females 
and males in post high school studying and using of tnathenatlca is due to 
females^ less adequate learning of mathematics or to deliberate choice by 
females not to study mathematics. Both of these issues will be addressed 
here . 

Sex-related Differences In Mathematics Achievement 
In order to clarify the reality ot sex-related differences in 
mathematics achievement four major studies of ssK-related differences in 
Mathematics achievemimU will be specifically noted: Project Talent, the 
National Longitudinal Study of Mathematical Abilities (NLSMA) , tha National 
Assessment of Educational Progress (NAEP) , and the Fennen?-Sherrmn studies. 
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addiciont some studies from other eultureg will be briefly reviewed as 
veil as the Stanley study of mathematicdlly precocious youth and 
&cor€s"on college entrance examinations. 

Data for Project Talent were gathered about 1960 (Flanagan et al., 1964). 
This study assessed the mathematics achie'''^ei3ient (among many other things) 
of a random sampling of high school stisdenta In the United States (n ^ 440,000) 
Tli^, data indicated that in grade 9 sex-related differences in mathematics 
achievement were negllbible but by 12th vade males tended to do better. 
The moan differerica at the 12th grade, while statistically significant^ 
appears to have little educational slgnlf icance CapproKimately one itero) , 
Nf» attempt was nade to control the niOTber of mathematics courses subjects 
had taken previously. Higher percentages of males than females were 
enrolled In college preparatory courses so males undoubtedly had taken 
more matheSiatics courses and males were more apt to say they were preparing 
for a career which needed mathematics » UndDubtedly a population of males 
with more mathematical background was being compared with a population 
of females with less mathematical background. 

In 1975 a follow up to the 1960 Project Talent study was done* 
Data were CDllected from approximately 1800 students in grades 9--11 in 
' seventeen of the original schools (Flanagan* 1976) . After careful 
statistical checks on reliability of the comparisons and adjustments for 
any change In school SES the follo^flng were concludedi (See Table 1) • 
1) VJhlle the mathematics test scores were fairly stable from 1960 to 1975, 
the differences be^een females and males had been reduced, 2) On 
computation tasks* male scores had declined 17% and female scores 11% with 
the female mean score being 8*2 points higher than the male mean score* 
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3) Quaiitltative raasonlng scores declined 8% for each sex with females 
scoring .6 of an item lower in 1975* It is difficult i after carefully 
ex^lning thesa data froni Project Talent, to conclude that males' math- 
raatlcs achievement was inuch higher than that of females In 1960 or 
1975. 

Support for the belief that females do not achieve as well as tnales 
in mathematics could come from the NLSMA data which were gathered during 
1962--67, In these multitudinous studies^ sex was used as a control variable 
Aualyaes were dene Independently by sex whenever significant sex by any 
other varlabls interaction was found. Unfortunately, the results from 
tiiese studies havp been Inadequately reported and Interpreted making the 
knowledge tlijy coiild contribute to the area under consideration largely 
unavailable* However, a B^m-mty statement saysi ^^Dlf f erencas favoring 
girls were for v^ariables at the comprehension level (the loweBt cognitive 
level tested) and the differences favoring the boys were for variables at 
the application and analysis level" ^Wllsonj 1972^ 94). The directors 
of. this federally financed progrOT abrogated their responsibility to 
females when they follotsred the above remarks with this statement: 
"Inteirpretation and cogent on this pattern will be left to persona involved 
in the women '^s liberation movement" (Wilson^ 19725 p. 95). The nijraber 
of mathematics courses which had been taken previously by the subjects in 
the JrtiSMA studies was controlled so the conclusion reached undoubtedly was 
statlf.ticaily valid in 1967. Wiat is unknown is the size of the differences 
between the mean female and male performance Bcores and the educational 
aignlficance of that difference. 

Results from the 1972-73 mathematics data collection of the National 



Table 1 

PEOJICT TALENT* 
Cotiiparisons of 1060 and im Ikthefiiatics Eesults 



FEMALES 



Raw Score Tenth Grade ^ Raw Score Tenth Grade 

1960 1075 5ile Difference 1960 1975 file Di'ffirance 

QDMITATIVE SIASONING 8.5 7.8 -8| ■ 8 J 1,2 -g| 

MffillATICS 10.5 10.7 +2? 9J 10.3 +35 ' 



COiraATION 25,7 1S.7 47§ , 30.8 26,9 41| 



*Abstraeted froi: Flanaian, J. C. Changes in school levels of ichievement: Project TALINT 

ten and 15 yiar retests, Educational Researcher . 1976, 5(8), i-12, 
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Assessment of Educacional Progress (NAEP) has received much publicity 
and one sentence has been widely quoted t "In the fflathematlcs assessment * 
the advantRge displayed by males, particularly at older ages can only be 
described as overwhelmlni" (Mullis, 1975, p, 7). Inspection of thesa data 
(Table 2) confiros that males did outperform females at ages 17 and 26-35. 
Howevar, at ages 9 and 13 differences were minimal and sometimes in favor 
of females. The problem of comparable populations is a concern here also. 
The population was selected by sophisticated random sampling techniques 
with no control for educational or mathematical background. Since males have 
traditionally studied mathematics more years than have females * once again 
a population of niales with more background in mathMaties was being compared 
with a population of females with less background in mathematics. At 
ages ^ and 13 when the educational and mathematJcal background was similar, 
the achievement of both sexes was also similair, 

The Fennema-Sherman Study, data for which were collected In 1975-76, 
Inveetlgated mathematics achievement in grades 6-12, (Fennraa and Sherman, 
1977| Sheman and Fennema, 1977; Fennma and Sherman, 1978), This National 
Science Foundation aponsored study Investigated a variety of levels of 
mathematics learning as well as cognitive and affective variables hypo- 
thesized to be related to differential mathematics achievement by females 
and males* The results of this ffudy have wide generalizabllity because of 
the diverse, carafully selected sample* In grades 9-12 (n - 1233) with 
subjects whose mathematics backgrounds were carefully controlled, signifi- 
cant differences in achleveTiient in favor of males (approximately two itms) 
were found in two of four schools. In grades 6-8 (n ^ 1330) significant 
differences were found In favor of females In a low cognitive level 
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Table 2 

IIEDIIH DIFFER:HCE IK PEHFGHMANCB 
BITIBIN MUS AND NATION AW mm AND MM ON 
MATHMATICS CONTENT AREAS* 



AGES 



13 



17 



ADULTS 



I 
i 



N 



r 




H - NuDibers and -Niiieration 
M * Meisureinent 
G - Geonietry 

V - Variables and Rglationships 
P " Probability and Statistics 
C - Coniunier Math 
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Imales 



*Ratioaal Men a 
ERJC^ 



*Kullis , I , V , S i Educatio na l acMevaent and gex digerMMtion . 
Denver, Colorado! National Aisisiient of Educitionil Froiriss 
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mathematical task in one of fo-ir tested school areas. In another of the 
four school arias significant differentes were found in favor of males In a 
high cognitive level mathematicsl taski ^ 

One other measure of mathematics achievement shauld be noted , the 

s 

differential evident bt'Lween the sexes on the SAT (Scholastic Aptitude 
Test) J a college entrance examination. Notroally admirtlstered to high 
school seniors. It has a Verbal Component and a Mathematics Component. 
According to the publishers of the test, the mathematics required is that 
which is taught in grades 1^9* Women have, over a period of years, scored 
lower than men on this test* However, a look at some trends Is Interesting* 
"In 1960 the mathematical component meat^were 465 for woraen, 520 for men. 
Twelve yeavs later, the average for women was virtually unchanged, but the 
average for men had dropped by 14 points (to ^06)" (Virt^, 1977, p, 16)* Although 
the Advisory Panel appointed to revlew= the SAT score declines (Wlrtz^ 1977) 
concludes that one reason the 'scores declined from 1962-^1970 was that 

more women were taking the test, the data do not confirm that women *s 

/ .X 

scores dropped* . ^ 

Once agaln^, howeVerj conclusions about male superiority are being 
drawn from populations which have studied different amounts of mathCTatice, 
Even though the mathematics required for the SAT may be taught before 
disparity"^ in enrollment between the sexes Is evident, continued use of 
such mathematics In advanced high school classes undoubtedly aids one In 
solving items of the type. included in the SAT. 

A different perspective on sex-=related differences in mathematics 
a^levement Is noted If one examlnei performances of highly precocious 
males and females. In the Stanley Study of Mathimiatically Precocious Youth, 

. . 1-1 ■ ' 



many males outperfoTOed any female. E,g, in the 1973 talent search junior 
high school youth who had scored above the 98th percentile on previously 
given subtests of standardized achievement tests were asked to volunteer 
to be tested on a college entrance examination. Seven percent of the 
boys scored higher than any girl' and the boys* mean score was significantly 
higher than the girls* mean scpreJFox, 1976). 

In si^ary what can be concluded about , sex-related differences 
in mathematics learning in the United States ln-1978i 1) There are 
no seK-relaJied differences evident in elementary school years. This is at 
all cognitiv^e levels from computation to probleffl 'solving. This conclusion 
has been accepted for a number of years, 2) After elementary school 
yearss differences do not always appear. 3) D carting at about the 7th 
grade j if differences appear, they tend to be in the males* faver, parti- 
cularly on tasks involving higher level cognr ^ivf^ skills* 4) There io 
some evidence that sex-related differencas in mathematics learning in high 
schools may not be as large in 1978 as they were in previous years, 5) Con- 
elusions reanhed about male superiority have often been gathered from old 
studies or studies in which the number of mathematics courses taken was 
not controlled. Therefore, a better mathematically educated ^roup of males 
was being compared to a group of females who had participated In less 
machematlcB education. In reality , what was being compared were not 
females and males but students who had studied mathematics 1-3 years in 
high school with students w^o had studied mathematics 2^4 years In high 
school. 

An oxaroinatlon of cross cultural differences in mathematics performanr.e 
is interestingrXn Australia ^ on problem solvlng^and 

in 
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computation taske in grades 5*8 is repotted' while males performed at high 
levels in space tasks (Clients and Watanawahai 1977), However, Keeves 
(1973) reports that male superiority over f^ales in niatheniaties achieve-* 
ment wss found within all ten countries which participated in the First 
International Study of Educational Achievement* 

Sex-related Differencas in tha Studying of Mathematics 

There are oex^related differences in the studying of mathCTatlcs* ^ 
This is indicated by females cbaoslng not to enroll in mathematics courses 
in hif.h school and by the paucity of females in university matheamtics"^ 
courses. Undoubtedly * the most serious problpm factiig those concerned 
with equity in mathematical education for the sexes is ensuring that 
females cortlnue their study of math^atlcs. In support of this statenetit 
consider some data from Wisconsin, During the 1975--76 academic year, while 
approKtoately the 'same number of .females and aales were enrolled in Alg4bras 
in the advanced courses many more males were enrolled (see Table 3) . 

Although only symptomatic' of the effects of many variables, electing 
not to study math^atics in high scl^ool beyond isttnlmal or college requlrwents 
is the cause -of many females' nonparticipatlon in mathematics related 
occupations. The one variable which can be posltivel^^ identified as 
causing sex^related differences in mathCTacics learning is the dlf fereritial 
nimber of years females and males spend formally studying and using 
mathwatics* Such a simplistic explanation of such an important problem 
seems too good to be' true. However , this author believes strongly that if 
the mount of ttoe spent learning mathematics is somehow equatejd^ f or 
femalci mA males, educationally significant sex^related differences In 
TOath^matlcs performance will disappear, ^ . ' 



Table 3 
in Jfathimatlcs Courses* 



Alfabra* 
'^igibra li ^ 

jTrlfononietry 
jAnalytlc Geometry- 
pobabliity/statlatica 

Calculus 



MALBS 

41,404 
20,037 
11,S«1 
3,234 
4,004 
1,752 

3,396 
611 



i^ata obtained ff™ wj 

b- ' ' ' 

•Students enrolieri I« 

JoBiln, M, i. larollmaiit i« W4 - ' 
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' «^ Related Factors 

Wille tt la Interesting to know about conparmtlve mathCTatles 
aeMevemeiat ©f tfmmlmm and males i It Is more Important to gain 
understanding of why so many males leaw eduoatlonal Instttytions 
knowing a great deal more mathematlos than f^Dales know« In order to 

I? 

gain this imderstanding selected cognitive, affective and educational 
variables will be discussed. 
Cognitive Varlablas 

'Ifathwiatics is essentially ^cognitive in natural and the principle , 
distinguishing goals or objectives of mathematics instruction are 

6 

(and should &e) cognitive ones" (Weaverp 1971, p** 263). Since mathematics 
is a co^ltiva endeavor, the logical place to begin to look for e^lan- 
atoty variables of sex-related differences in MthOTatlcs performaiice 
is in the cogntlvm area. It is within^ this area that the most important 
variable can be found, i.e., the Mieunt of time spent studying mmthematletf. 
This variable and its Impact has already been discussed. 
Spatial Visualisation ' ^ . ^ , 

Aiiocher cognitive Variable that may help'^^plairi jeK«related 
differences in mathematics is spatial vlsxialleatlon-'-^a particular subset 
of spatial skills. Spatial vlsuallzatlbn Involves visual Imgery of 
objects, ffiovOTent by the object* themseives or change In their properties. 
In. other words objects or their woperties must :be manipulated In one's 
"mind*s eye""or mentally. Even though the ulstence of many s^^related 
differences Is currently being challenged, the evidence Is still persuasive 
that in the toerlcan culture male superiority on tasks that require 
spatial vlsWllMtion Is evident beginning during adolescence (FennCTa, 1975 1 



Kaecoby 6 Jaekllti, 1974). However, even this diff.Mfice appears to be 
noderatlng. 

The reiatlonshlp between mathmatica mA spatial vlsuallEatl on Is 
logically evident. In mathenaflcal terms apaClal vlsuallMtlon requires 
that objects be (fflentally) rotated, wflected and/or translated. These 
are Isvortant Ideas In geometry. In fact Janes and JaBes <1968) in 
d'aflnlng geometry ae "the science that treats of the shape and size of 
things . i . ths^tudr^f IttVttlant properties of -given elmentB under 
specified groups of transforoation" (p. 162) are describing accurately 
most conditions which are met by items on spatial visualisation tests. 

Many nathematlclans believe that all of mathraiatical thought 
involves geometrical Ideas. The total discipline of mathematics can . ' 
be defined as the language for describing those aspects of the world 
which can be stated in terms of "configurations" (Bronowski, 1947). 
Meserve (1973) believes that each person who makes extensive use of all 
areas of mathanatlcs uses the modes of thought of geometry at every turn 
and that "eveh the most abstract geomeftrical thinking must retain some 
link, however attenuated, with spatial Intuition" (p. 249). In the 
Russian literature, mathanatlcs and spatial abilities are regarded as 
Inseparable CKabanova-Meller, 1970). .Therefore, If spatial visualization 
items are leometrlcal in character and if mathanatlcal thought Involves' 
geometrical Ideas, spatial visualization and mathematics are Inseparately 
Intertwined. 

Not only are spatial visualization activities similar to Ideas within 
the structure of mathematics, but spatial representations are being ' 
increasingly Included In the teaching of math^tlcs. E.g., the Plagetian 
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eonservaclon tasks, which are becoming a part of many pre-echool programs. 
Involve focusing on correct spatial attributes before quantltyi length, 
and voltme are conserved* Most concrata and pictorial representations of 
arithmetical p geometrical and algabralc Ideas appear to ba haavlly 
reliatit on spatial attributes^ The nimbar line, which Is used extensively 
to represent whole numbers and oparatlons on thCTi, Is a spatial repre*- 
sentatlmt Commutatlvity of multiplication Illustrated by turning an 
array 90 degrees , Involves a direct spatial vlsualliation skill. Many 
other exa^las could be cited. 

Although the relation batwaan the' contant of math^atics and 
spatial visualization skills appears loglaal, rasults from CTiplrlcal 
studies which kaye eKplorad the ralationshlp are not consistent* Many 
factor analytic studies have axplored this relationship and sevaral 
authors have revitwad the literature. Some Investigators have deflnitaly 
concludad that spatial skills and learning of aathematics are not related. 
In 1967, Vary concluded! "Research on spatial ability has failed to 
produce any significant correlation of (the spatial factor) with any 
facet of mathematics performance" (p. 172). Fruchter (1954) stated that 
"spatial ability is 'unrelated to acadCTilc performance with the possible 
exception of a few very specialized courses such as engineering drawing" 
(p. 2). Smith (1964) concluded that although "there are several studies which 
indicate consistently that spatial ability Is Important in tests which 
are genuinely mathematical as distinct from those which involve purely i 
mechanical or computational processes • . . the question whether the 
mathematical ability la dep^«i^^«t an the visual factor iov factors)" has 
not been deflnitaly answered" (pp.127, 04). 
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Eveo In geOTietry ^ where one would expect to find the strongest 
relatlonahlpp %iplrleal findings do not Indicate elesrly that the wo are 
related » Llm aonoluded In If 63 after a thorough review of relevant literature 
that the evidence for a relationship between geometrlo ability and spatial 
visualization was inconsistent and unreliable, Werdelin (1971) was not 
willing to eonalnde definitely that spatial visualisation ability and 
geometry ^illty were related. However p he felt that "there is strong 
pedagogical reason to believe In a cmmectlon between the ability to 
vlsuallEe and geometrlQ ablilty" (p, 39), 

Other muthors feel that data Indicate a positive relationship. In 
1951| Guilford, Green and Chrlstensen coneluded that spatial visuallsEation 
ability helped in solving mathematics problems. French ^{1951 > 1955) 
showed that successful achlavCTant In math^oaitlcs depends to some extent 
on use of spatial vlsualiEatlon skills. In a more recerit review, Aiken 
(1973) concluded that spatial-.perceptual abtllty was one of ^the "most 
salient*- math^oatical factors ^tracted in various, Investigations « 
Obviously I the relationship between leamlng in mathmatlcs and spatial 
ability is not clear and the need for more data Is great. 

Even less is knmm about the effect that differential spatial 
visualization has on the mathmatlcs learning of females and male^» 
indication that the relationship be^een the learning of mathmatlca and 
spatial vteuali^atlon la an In^ortant consideration^ Is the concurrent 
development of seK^relatad differences in favor of males in mathtoatlcs 
achievCTent and spatial visualization skills* ^No significant sex dlff- 



erences In either mathCTiatlcs achlevOTant or spatial visualization skills 
have been consistently reported In subjects 4-8 years old. Sex differef\ces 




IS., 



In petfonDafiee on spatlai vlsusliEatlon tasks bscome more ptonouiieed 
between upper alCTentary years and the lait year of high school (Maeeoby S 
Jaeklln, 1974) , Sex dlffarences In mathaftatleal aehlevement that do exist 
also appear during this time span (Fatmraa, 1974) . Perhaps leas adequate 
spatial visualisation skills may partially explain sex-related dlffarenaes 
in aehle^mcnt In mathCTatlce* 

However, the rennema^Sherman study spselflcally Investigated the 
r^latlonahlp between mathCTiatlca aehlevement and spatial vlsu^illzatlon skill 
These data do not support the idea that spatial visualisation is helpful 
in explaining sex-related dlffereneei in math™atics achlev^ent. In 
this study of females and males (grades 6-12), enrolled In mathematics 
courses, few sex-related differences In either mathematics achlevroent or 
spatial vteualliatlon skills were found. The two were related (r - p5) 
similarly for. both sexes and spatial visualization appeared to li fluenee 
bath fCTales and males equally to continue studying mathematics. 
Affective Variables 

The Confidence-Anxiety Dimension in itotheTOtlcs 

One tends to do those things one feels confident to do and to avoid 
activities which arouse anxiety* This eonf Idence-anxlety dimension, 
as it relates to mathematics learning. Is one of the more Important 
affective variables that helps explain sCT-related differences in math- 
ematics learning i The relationship of anxiety and mathematics learning ^ 
has been explored by a variety of methodologies, and with l^striMents 
purported to measure debllltatlve or facllltatlve atuciety in general 
and/or specific to mathematics, Callahan and ci^nnon (1975) conclude 
that "atusiety and mathematics are related. In general high anxlafy is 



aesDclatad with lower achiavement in mathematics" (p. ^) Reporta from 
NLSMA indicate that duoss grades 4-10 decreases In facilitating anxiety 
appearedf with females* scores decreasing more thati males' sccras« 
Debilitating anxieties increased for females during these grade levels 
(CroamAitQ, 1975). 

Confidence per sa has not been given specific attention as it relates 
to mathematics ^cept In the Fennema-^Sheifraan study. However j self*-conceptt 
which appears to be defihed in many scales as self confidencei has received 
much study* Lavitpn (1975) and Frlraavera at al. .(1974) revised the^ 
literature dealing with self-concept and both concluded that a positive 
relationship exists between acad^ic achievement and self eateeem. 
Brookover and ThOTas (1964) offer evidence that self concept is not 
generaliEable but related to specific acadmic areas # Callahan and Glennon 
conclude that there is a positive relationship be^een self-^esteOT and 
achievement in mathCTatlcs* .Others have also reaogniged the toportance 
of academic self concept in learning mathemtlcs (Bachmnt 1970| Fink» 
1969) . "■■■^ v • ... 

^ Althov^h both confidence ^nd amciety have been defined as separate 
traits, it appears In relation to mathCTatics* they are very similar*. 
In the Fennema-Sherman study an att^pt was made to measuca both conf 1-f . 
dence and amclety« A high rating on the confidence scale correlated 
highly. (£ ^ ,89) with a low rating on the ai^lety scale* While It may 
bte possible to talk about the two independently it doesn't appear to be 
useful* 

The literature strongly supports the fact that there are sex-related 
differences in the confldence^aMiety dtoenslon* It appears reasonable 
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to believe that ImmBmr confidence, or greater aiMciety on the part of 
fCTales is an important variable which helps explain s^-related 
dlffereneas in MthCTatlcs studying. Crandall et al, <1962) coneludad that 
givls undfereitlBaate their own ability to solve raathraatlcal problams. 
Others have eaneluded that f^alas feel Inadequats whan facad with a 
variety of Intellectiva,, problem solving activities (Kaganj 1964). 
Maccoby B Jaeklln (1973) reported that "girls tend to un4|restlmate 
their ovm Intellectual abilities mora than boys do" (p* 41)* 

In the FannOTa-Shsrman study ^ at s&eh grade level from 6*12* boys 
were significantly more confident in thalr abilities to deal with mathe- 
matics than were girls. In most Instances this Happened when there 
were no significant sex-related differences in math«natlcs achlavamant. 
In addition I confidence In learning math^tatlcs and achievement were more 
highly correlated than any other affective variable and achlevCTent 
f£ ^ #40), Confidence was almost as highly related to achlevMent as 
were tha cognitive variables of verbal ability and spatial visualisation* 

Stareo typing Mathematics as a Male Domain 

It is conmonly accepted that mathematics Is stereotyped as an 

activity more approprlata for males than for females. It has been believed 

that the sex typing of Mthematlcs as male starts In the elementary school, 

1 « . J 

becomes stronger during adolescant years and Is solidified m a, male 

domain by adult ^Bars. However ^ Stein and Sralthells (1969) and Stein 

x(197l) provide evidence that mathematics la not cr idered masculine by 

females and males, until adolescent years and even during these years Is 

not rankedxai highly masculine as are spatial, mechanical and athletic 



tasks* Bobbe (1971) found that with fourth and sixth grade subjects, 

i. 
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airlthmetia was Judged to be f^inlne by girls while boys judged it to 

be appirpprlata for both seKes* In the adult world, it is a fact that the 

use^and creation of matheniatlcs is predominantly a male 4omain, Stain 

and Smithelle (1969) offered evidence that Iti 12th grades femalee. peroelved 

thla faet and were responding to the reality . 

The Fennema-Sheraan study Indleated that fenales In gradea 6-^12 delay 
that nathraatlcs Is a male domain. While the males In the study did not 
strongly stereotype mathematics as a male domains each grade they 
atereptyped It at eignlficantly higher levels than did fetaales* This Is 
an Interesting and highly aignlf leant finding. The cross sex Influence on 
all aspects of behavior Is strong during adolesi^ent years. Since males 
stereotype mathematics as a male domain^ they undoubtedly comnunlcate this 
belief In mMy /subtle and not so subtle ways to fetnales which Influences 
females willingness to study mathematics. This has strong tepllcations for 
the development of Intervention programs' designed to Increase females* parti 
cipatlon In mathematics i " 
Usefulness of Mathematics 

A different kind of affective variable Is -belief In the personal 
usefyiness of mathematics. Hilton and Berglund (1974) and the Fennema-- 
Sherman stu^y provided data itidicating that females to a lesser degree 
than males believe. that mathematics is personally useful* However , the 
difference between female and male beliefs about the usefulness of 
mthCTatlcs was not as great . In the FennCTaa-Sheraan study as It was In the 
Hllten-Berglund study. This may indicate that the belief a of fanales are . 
becoming vore ulmilar to ^les In this aspect. 
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if fectance Metlvatlen In Mathgnatlce 

Qn% variable^ i^lch has been hypotheilEed to s*hsw a leK^ralated 
di£fe^anee, is effectanee ootlvatlon. This motive can be^ "inferred 
apeciflcally {tarn behavior that shows a lasting formalization and that 
has eharactarlaties of exploratlai and experl mutation" (Whlte^ 1959, 
P* 323). It Is closely related to problm solving activity and la often 
called lntrlnBie: ni©tlvat ion. Thls,Mtlvation muld eneourage learners 
to participate .dn mathematical activities at high cognitive levels. 
Some ielleve that females are not so Involved In problem solving actlvltes 
as are males (Carey, 19 Xi Kaganp 1964)* nowmrmr^ the FenaMa-Sherman 
study found no sex^related difference in this variable at any grade 
level from 6*12, It appears that belief that females are not as Intrinsically 
motivated as Wales mathematics Is merely , a myth* 
Educational Variables 

There are sex-related differences In the final ©iitcome of mathwiatlcal 
eduQ^rtlon due In large part to f males' reluctance-^^lf not refusal— 
to elect to study mathematics* Some Intervention is essential at the 
present time to ensure equity in TOthCTatlcal education for both seKes. . 
"Bowevar^ before effective intervention can be planned^ more Inforaatlon 
is needed about brltlcal schbol variables which are amenable to change 
and Important In the educational process. . . 

Teachers ^ ^ 

- - — ' - - -- ^ ,i 

Teachers are the mojit Important educational influence on students' 
learning of mathraatics, *From kindergarten to high school, learners 
spend thousands of hours In direct contact with teachers. While other 
educational agents may have Influence on educational decisions. It Is the day 
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by day contact with teacheri which le the main Influence of the f omal 
educational Instlcutlon. P^t of the teaeheri* Influenca ii In the 
learners' devalopment of saK role standards* These sex role standards 
Include definitions of acceptable achlevOTent in the various subject 
areas. It Is believed that this Influence by teachers is eKerted through ' 
differential treatment of the sexes as well as e^ectatlons of sex^related 
differences In achieveraent • 

Sch<jiborn (1975) concluded that Mny studies have Indloated teachers 
treat female and male students differently. In general^ males appear to 
be more salient' in the teachers' frame of reference* Teachers' Interaction 
with males Is greater than it Is with f CTiales In both blame and' praise 
contacts. Teachers also reinforce in both females and males sexually 
stereotypic behavior deemed appropriate for their sex (Sears and Feldman, ' 
1966)* Brophys Good and their colleagues have been the major Investlga-- 
tors of teacher treatment of f ™ales and males with their main interest bein 
teachers' treatment of males * In several studies they have concluded 
that girls and boys receive equal treatment* However^ the data from one 
of their major studies shows that while the sex of the teacher was 
unimportantly high achlevin** high school boys received slgnlf laantly 
more attention in mathematics class than any other group (Goodg Slkes * 
Biophy, 1973) * Another study Iwolvlng first grade reading replicated this 
trand at nonsignificant levels (Good and Brophy, 1971) * Their conclusion 
from these studies is that teacher bias was riot evident* One must question 
why no conclusion was reached about inequitable treatment of hlijh 
achieving fOTales. . 

^e Investigation of the relationship between teacher behavior and 



mon ralaCed difference In mathematics appears to^^be crucial to under- 
standing why fenales do not participate at higher ^levels In roathematlcs. 
In particular Information In these areas would be helpful i 1) T^at 
are the effects of differentikl teacher treatment and expectations on 
achlev«Qent and election of mathenatlcs courses? 2) Do teachers 
differentially reinforce males a^nrt^'fraales for specific kinds of ffiathanatieal 
and se^cually stereotypic activities? Are males being reinforced Inora ^ \ 
for problem solving actlvltlea '^hile' £ CTiales are reinforced for compu- 
fatlonal activities? 3) What is the effect of sex of teacher on ' 
mathematical achievement ot boys and girls? While O'Brien C1975) 
reports no sex of teacher effect ^ i^oodj^ Slkes and Brophy (1973)* and ' 
Shlnedllrig and Pedersen (1970) report that male, students do best in 
.quantitative scores when taught by male teachers, , 
School Organization 

There is some evidence and much belief that schools \do' Influence 
sexual stereotypes, Mlnuchln (1971) cencluded tKat children who 
attended schools categorized as traditional or modern dlffOTed in their 
sex--typed reactions* The Interaction of the sekes was different in those*' 
schools, also. In the .most traditional school boys became leaders In / 

problem solving while girls became followers. This was not so In the less 

_ _ ■ ■ ■ ^ 

traditional schools- The. sex role behavior of children attending tradi- 
tional schools was more rigid than children attending liberal schools. 

Some schools are remarkably more effective In persuading females to 
attempt high achievement In math^atlcs, Casserly (1975) identified 13 > 
high schools which had an unusually hl^h percentage of females In advanced 



plaeCTent mathematlicd and aclance classes* She concluded that the schools 
had id«iti£led fcheae glrls^ as early as fourth grade and the school teachers 
and peeri were supportive oi high achievement by the females « Rowell " 
(1971) pursued the |amfe type of Inveetlgatlon in attOTptlng to Iderftlfy - 
schools and thelt characteristics which produced high achieving female^ 
In sciencfe. Studies Identifying and describing those schools which are 
particularly successful in encouraging females to enroll in mathOTatles 
bevond minimal requirements should be done^ 

Many are advocating that female only classes will result In equity 
.In mathematical educatlort.^ the argtment for this type of school 
organisation goes Something like this* Because peer pressure against 
female competitiveness is too strong a force'J^emaies will not compete 
against males in mlKed- sex classrooms/ Female leadership (In problM 
solving In this ease) is only able to raarge when competition with males 
Is eliminated, teachers ^111 .not have different sex-related expectations 
and behaviors if only one sex Is present. ^Single sex classrooms appear 
to Frovlde a simple solution to a complex problem;^ Ilowever, the weight 
, of evidence, found ^.does not support this type of .grouping. Conway (1973) , 
convincingly argues that throughout history separate education for the sexes 
has resulted in inferior educaton for females! Keeves^ (1973) after a 
careful and thorough review' of mathematics and science education In 10 
countTles* concluded that the "extent to which a coMunlty provides for 
educ#ition in single sex schools would appear to indicate the extent to * 
which it sees its boys and girls requiring' different preparation for ^ 
different societal, roles^l (p. 62)* ILm argues that "in so ^ar aCa community 
has different expectations for different -groups of its members and proceeds 
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to mould its future members through different organizations, then it 
falls to provide equal opportunities for Individual development" 
(p. 52) . In an unreported study cemparlng attitudes of 10th grade females 
who had spent most of their educational lives In single or mixed sex 
claasrooms, females from the mlKed seK classrooms exhibited significantly 

^re positive attitudes toward mathematlci (Feimema-Meyer, 1976)/ 
, Before single sex classrooms are embraced as a panacea for females' 

educational equity^ careful examination miist be done concerning long 
term effectiveness of such programs. In reality , this may be a partially 
non-researchnble problem. No one can forep^^e the Implications for 
females 50 years from the present time of being isolated in their 

mathematical training. Because of what has happened to females as well 

as blacks o^>er the last century, single sex classroom school organization 

must be approacHed with caution, 

Conclusions 

Wiat then^ can be said that Is known about sex related differences in 
mathematics, and factors related to. such differences? Certainly, when 
both females and males study the same Mount of mathematics differences 
in learning mathematics are minimal and Perhaps decreasing. Many fewer 

females elect to study mathematics and therein lies the pr:pblem. Factors 

"J 

which appear to contribute to this nonelection are females' leaser confidence 
In learning mathematics and belief that mathTOatlcs is not- useful to them 
and males' belle£ that mathematics Is a male domain. In addition differential 
teacher treatment of males and females Is Important, 

There is nothing. Inherent (Sherman ^ 1976) which keeps females from 
learning mathematics at the same level as do males. Intervention programs 
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can and must be designed and Implemented within schools which will 
Increase females- participation in mathematics* Such programs must include 
male students, female students and their teachers. Only when such inter- 
vention programs become effective can true equity in mathematics education 
be accampllshed . 
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